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<5^) ORGANIC ELECTROLUMINESCENT DEVICE COMPENSATED PIXEL DRIVER CCRCUTT 

(57) Abstract: A cocnpensated pixel driver cucuk comprises a p^rhannel 
tiansistor and an n-channe] transistor connected as a complementary 
pair of transistors to provide analog control of the drive current for an 
organic electroluminescent device (OELD), The transistor, being of 
opposite channel, compensate for any variation in thieshold voltage AV^ 
and therefore provide a drive cuirent to the OELD which is relatively 
independent of A Vt- The complementary pair of transistors can be applied 
to either voltage driving or cuirent driving pixel driver circuits. 
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Otganic ElectroLununescmt Device 
Ck>mpCTsated Pixd Driver Circuit 

The present invention relates to an organic . electroluminescent device and. 
particularly to a compensated pixel driver circuit (bereof. 

An organic electroluminescent device (OBLD) consists of a light emitting polymer 
(LEP) layer sandwiched between an anode layer and a cathode layer. ElectricaUy. fliis 
device operates like a diode. OpticaUy. U emits light when forward biased and the intensity 
of Ae emission increases with the forward bias current. It is possible to construct a display 
panel with a matrix of OELDs febricated on a transparent substrate and widi one of the 
electrode layers bemg transparent. » is also possible to integrate the driving circuit on die 
same panel by using low temperature polysUicon thin 

In a basic analog drivuig scheme for ah active matrix OELD .aisiilay. a nummum of 
two transistors are required per pixel. Such a driving scheme is iUustrated in Figure 1. 
Transistor T, is provided to address the pixel and transistor T, is provided to convert a data 
voltage signal into cmrent which drives die OELD at a designated brightness. The 
data signal is stored by a. storage capacitor Cstorage when the pixel is not addressed. 
Although p^annel TFTs are shown m the figure, die same principle can also be appUed 
for a circuit utilising n-channel TFTs. 

There are problems associated witii TFT analog circuits and OELDs do not act like 
perfect diodes. The LEP material does, however, have relatively uniform characteristics. 
Due to die nature of the TFT fabrication technique, spatial variation of die TFT 
iiiaracteristics exists over the extent of the display panel. One of die most important 
considerations in a TFT analog circuit is die variation of tiireshold voltage. AV,. from 
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device to device. The effect of such variation In an OELD display, exacerbated by the non 
perfect diode behaviour, is the non-uniform pixel brightness over the display area of die 
panel, which seriously affects the image quaUty. Therefore, a built-in compensation circuit 
is required. 

A sfanple Oireshold voltage variation con^jensation. current driven, drcuU has been 
proposed. The current driven circuit, also known as the current progranuned direshold 
voltage compensation circiiU, is iUustrated in figure 2. In dm circutt. transistor T^ is 
provided for address'mg the pixel. Transistor T^ operates as an analog current control to 
provide the driving current to the OELD. Transistor T^ connects between die dr^un and 
gate of tcansisfor T^ and toggles transistor T^ to act eidier as a diode or in a saturation 
mode. Transistor T^ acts as a switrfi m response to an apptied waveform Vop. Eiflier 
Transistor T, or Qransistor T^ c^ be ON at any one tinic. LiitiaUy. at time t„ shown in die 
timing diagram of Figure 2. transistors T^ and T^ are OFF, and transistor T^ is ON. When 
transistor T^ is OFF. transistors T and T, are ON. and a current I^^^ of known value is 
allowed to flow into die OELD. dirough transistor T^. This is the programming sts^e 
because the dueshold vohagc of transistor T^ is measured witfi transistor T, turned ON 
which shorts the drain and gate of transistor T^, Hence, transistor T^ operates as a diode 
while the programmmg current is aUowed to flow dirough transistors T and T^ and into die 
OELD. The detected flureshold voltage of transistor T^ is stored by a capacitor 
connected between die gate and source terminals of transistor T^ when transistors T^ and T^ 
aie switched OFF. Transistor T^ is dien turned ON by driving wavefonn Vop and die 
current through die OELD is now provided by supply V^. if ^lo slope of die output 
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Characteristics for transistor were flat, the reproduced current would be the same as the 
programmed current for any threshold voltage of detected and stored in capacitor C,/ 
However, by turning ON transistor T^, the drain-source voltage of ttansistor is pulled up. 
so a flat ou^mt characteristic will maintam die reproduced current at the san» level as the 
programmed current. Note that AV„ shown in figure 2 is unaginary. not real. It has been 
used solely to represent the threshold voltage of transistor T . 

2 

A constant current is provided, m theory, during a subsequent active programming 
stage, which is signified by the tune mterval t, to t^ in die timing diagram shown m figure 
2. The reproduction stage starts at time t - 

The circuit of Figure 2 does provide an improvement over the circuit shown in 
F^e 1 but yarialions in the direshold value of die control transistor are not faUy 
comiKaisated and Variations in image Ibrigfatiiess over the display afibf the panel remam. 

The present invention seeks to provide, therefore, an improved con^Ksnsated pixel 
driver curcuit m which variations in the tfireshold voltages of the pfacel driver transistor can 
be further compensated, thereby providing a more uniform pixel brightness over die display 
area of the panel and. therefore, in^roved image qualiQr. 

Accordmg to a first aspect of die present invention there is provided a compensated 
pixil driver circuit for an electroluminescent device, die cLreaiit conqirising an n-chiumel 
transistor and a complementary p^channel transistor connected so as to operatively control, 
in combma^n. the current supplied to die electroluminescent device. 

Preferably, the compensated pixel driver circuit also comprises respective storage 
capacitors for die n^channel and pnAannel transistors and respective switching means 
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comiBcted so as to establish when operative respective paOis to the n-cdianiiel and p^Aannel 
transistors for respective data voltage pulses. 

Advantageously, the compensated pixel driver circuit may also comprise respective 
storage capacitors iot storing a respective operating voltage of the n-<^aiinei and the p- 
channel transistors during a programming stage, a first switcUng means connected so as to 
• esCabli^ when operative a first corramt path from a source of currCTt data signals throu^ 
flie iiHjhamiel and p-channel transistors and the electroluminescent device during the 
programming stage, and a second switdiing means connected to establish when op^tive a 
second current path through the n-channel and p-channel transistors and the 
electroluminescent device during a reproduction stage. 

la a furdier ^bodiment, the first switdung means and (he source of current data 
sigiiab. are connected so as . to . provide when operative a current source for die 
d.ectrpluminesc^ device 

In an alternative onbodlm^t. die first swit<diing means the source of Current data 
signals are connected so as to provide when operative a current sink for die 
electroluminescent device. 

According to a second aspect of the present invention there is also provided a 
method of compensating the supply oureot to an electroluminescent device comprising 
providii^ an n-channel transistor and a p-chann^ transistor comiected so as to op^atively 
control, in combinadon, the supply currrat to die electroluminescent device. 

PrefiMably, die mddiod fiuther comprises providing respective stors^ capacitors for 
die n-chann^ and p~channel transistors and respective switdung means connected so as to 
establish when operative respective paths to the n-<diannel and p-<diannel transistors for 



•I ) p) 

wo 01/75853 ^ FCT/GBOl/01460 

respective data voltage pulses thereby to establish, when operative, a voltage driver circuit 
for the electroluminescent device. 

Advantageously, the mediod may comprise providing a programming stage during 
which the n-channel and p-channel transistors aire operated in a' first mode and wherein a 
current path from a source of current data signals is established through the n-channel and 
die p^hannel transistors and the electroluminescent device and wherein a respective 
operating voltage of the n-cfaannd transistor and the p-channel transistor is stored in 
respective storage capacitors, and a reproduction stage wherein a second mode and a second 
current path is established throug|i the n-diannel transistor and the p-channel transistor and 
the electroluminescent device. 

According to a tliird aspect of the present invention, there is also provided an 
organic eleclrolumiaescent display device comprismg a compensated pixel driver citcuit. as . 
daimed in any one of claims 1 to 11. 

The present invention will now be described by way of furth^ example only, witfi 
lef^ence to the accompanying drawings in which:- 

Fig- 1 shows a conventional OELD pixel driver circuit using two transistors; 

Fig. 2 shows a known current progranuned OELD driver circuit with threshold 
voltage compensation; 

Fig. 3 illustrates die concept of a compensated pixel driver circuit including a 
complementary pair of driver transistors for providing dureshold voltage compensation in 
accordance vnfh the present invention; 

Fig. 4 shows plots of characteristics for the complem^tary driver transistors 
illustrated in Fig. 3 for various levds of threshold voltages; 



WO01/7S853 PCT/GBOl/01460 

o 

Fig. 5 shows a compoisated pixel driver <drcuit atranged to operate as a voltage 
driver circuit in accordance witfi a first CTibodimeat of the present invention. 

Fig. 6 shows a compensated pixd driver circuit arranged to operate as a current 
pxogranuned driver circuit in accordance with a s6coik1 enibodiment. of the present 
invention; 

Rg. 7 shows a coaqiensated curr^ programmed driver chcuit in accordance widi a 
tlurd embodiment of the pres^ invenidcm, and 

Figs 8 to 11 show SPICE sumdation results for the circiut illustrated in Fig. 6. 

The concept of a con^teosated pixel drivca: circuit according to the present invention 
is illustrated m Fig, 3. An OELD device is coupled between two transistors Ti, and T„ 
Mfbidi operate, m cinnbmation. as an analog current control for the cmtaA flowmg throu^ 
tfie,OHUD. Transistor T„ is a p-<diann^. transistor aind transistor T^j is an n-diannel 
transistor which act therefore, in combination, as a complementary pair for analog control 
of fl*e cucrrat Uuxmgh the OELD. 

As mentioned previously, one of flie most unportant parameters in a TFT analog 
circuit design is the threshold yoltage Vt- Any variation, AV^ wittun a ciroiit has a 
significant effect on the overall ciiout p^fonnance. Variations in the tiiresfaold voltage can 
be Wewed as a rigid horizontal shift of the source , to dram current versus the gate to source 
volt^e characteristic for the transistor concenied and are caused by the inter^Kie charge at 
tiie gate of die transistor. 

It has been realised with ttie present invention tiiat in an array of TFT devices, in 
view of the febrication tedmiques enqiloyed. neigjbbcHuring or relatively close TFT's have a 
high probability of exhibhing the same or an ahnost similar value of tineshold voltage AVx- 
Puttiiermore, it has been realised tii^ as die ei^ects of flie same AV^ on p-diannel and n- 
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Channel TFT's are complementary. conq>ensation for variations ia tiireshold voltage AVt 
can be achieved by enq>loying a pair of TFT's, one p-channel TFT and one n-<diamiel TFT. 
to provide analog control of the driving current flowing to the OELD. The driving current 
can. flierefore. be provided independently of any viffiation of the direshoM voltage. Such a 
concqpt is illustrated ia figure 3. 

Figure 4 ilhistrates the variation in dram current, that is (be current flowing dirongh 
(he OELD shown in figure 3. for various levels of threshold voltage AVt. AV„. AV„ for 
the transistors T„ and T«. Voltages V,. V, and Vo are respecthrely flie voltages s^pearing 
across transistor T„. T« and die OELD ftom a voltage source Y^^ Assummg that the 
transistors T„ and have die same threshold voltage and assuming that AV^ = O, dien 
die current flowing du^ough fbe OELD is given by «oss-over pomt A for the characteristics 
for die p-channel transistor T„ and die n-chann^ transistor T„ shoW in figure.4. This is 
shown by yalue l^. 

Assuming now diat die direshold voltage of die p-diannel and n-channel transistors 
changes to AV„. die OELD current I, is dien determined by crossover point B. Likewise, 
for a variation in direshold voltage to AV^. die OELD current is given by crossover point 
C. It can be seen fi-om figure 4 tiiat even widi die variations m die direshold voltage there 
Is minimal variation in the curr^ flowing through the OELD. 

Figure 5 shows a compensated pixel driver circuit configured as a voltage driver 
circuit. The circuit comprises p-channel transistor T^ and n-channel transistor T„ acting as 
a complemenlary pair to provide, in combination, an analog current control for die OELD. 
The arcuit includes respective storage capacitors Cu and Cj, and respective switchmg 
transistors T^ and Tb coupled to the gates of transistors T^ and T^. When transistors T, and 
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Tb are switched ON data voltage signals Vj and are stored respectively in storage 
capacitors and C,5 when the pixel is not addressed. The transistors and Tb function 
as pass gates und^ .the selective control of addressing signals and applied to the gates 
of transistors Ta and Tb« 

Figure 6 shows a conq>ensated driver circuit according to the present invention 
configured as a current programmed OELD driver circuits As with the voltage drivw 
dfcuit, p-channel transistor airf Urchann^ transistor T,5 are coupled so as to function as 
aa analog current control for the OELD, Respective storage c^citors Q, Cj and 
respective switcliing transistors T, and T< are provided for transistors and T,5. The 
driving waveforms for the circuit are also shown in figure 6. Either transistors T|, T, and 
Tfi, or transistor T4 caa be ON aay one time. Transistors T, and T« connect respectively 
betweeii the dirain and gate of transistors and.T|5 and switch in response .to applied 
waveform to toggle transistors T^ and Tt5 to act eidier as diodes or as transistors in 
saturation mode. Transistor T3 is also connected to receive waveform Transistors Tj 

aad T^ are both p-channel transistors to ensure that the signals fed through tfiese transistors 
are at the same magnitude. This is to ensure that any spike currents through the OELD 
during transitions of the waveform Vsbl l^t to a mininnifn 

The circuit shown in figure 6 operates in a similar manner to . known current 
programmed pixel driver circuits in that a programming stage and a display stage are 
provided in each display period but Mdlh die added benefit that die drive curr^ to the 
OELD is controlled by the complementary opposite channel transistors and T15. 
Referring to the driving wayeforins ^own in fig^e 6, a display period for die <hiver circuit 
extends from time t^ to time t^. Initially, transistor T4 is ON and transistors T|, T3 and T^j 
are OFF, Transistor T4 is turned OFF at time by the waveform V^p and transistors Tj. T, 
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and T« aie turned ON at time t, by <fae wavefonn Wsbl- Witfi traosistois T, and T« turned 
ON, tbe p-channel transistor T„ and tbe complementary n-channel transistor T„ aa in a 
first mode as diodes. The driving waveform for die frame period concerned is available 
from the current source at time ^ and this is passed by the transistor when it 
switches on at time t,. The detected direshold voltages of transistors T^ and T„ are stored 
in capacitors Q and These are shown as imaginary voltage sources AV^u and AVns in 
figure 6. 

Transistors T„ T, and T« are then switched OFF at tune t^ and transistor T4 is 
switched ON at tune t, and tbe current through the OELD is then provided from the source 
VDD under die control of the p-channel and n-channel transistors T„ and T^ operating in a 
second mode. i.e. as transistors in saturation mode. It yviH be appreciated diat as the 
current through die OELD - is controUed by. dte compl<in€mtary p-channel and n-channel 
transistors Ttt and T„, any variation in dureshold voltage in one of the transistors wiU be 
compensated by die odier opposite channel transistor, as described previously widi respect 
to figure 4. 

In die current programmed driver circuit shown in figure 6. die switching transistor 
T3 is coupled to die p-channel transistor T„, with die source of die drivmg waveform 
operating as a current source. However, die switching transistor T3 may as an alternative 
be coupled to die n-channel transistor T^ as shown in figure 7, whereby 1^^ operates as a 
current suik. In aU other respects the operation of die circuit shown m figure 7 is die same 
as for the circuit shown in figure 6. 

Figures 8 to II show a SPICB simulation of an improved compensated pixdl driver 
circuit according to the pres^ invention. 
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Referring to figure 8, this shows the driving waveforms 1^^^. Vop. Vsbl and three 
values of threshold voltage, namely -Ivolt. Ovolts and +lvolt used for the purposes of 
simulation to show the compensating effect provided by the combination of the p-channel 

• and nrcfa^mel transistors for controlling the current dirough the OELD, From figure 8, it 
can be seen that, initially die direshold voltage AV^was set at -Ivolt, increasing to Ovolts at 
0.3 X l(r^ seconds and increasing agam to +lvolt at 0«6 x 10^ seconds. However, it can be 
seen from figure 9 that even wilh such variations in die tfu^eshold voltage the driving current 
dirough Ifae OELD remains relatively unchanged. 

The relative stabilily in Ihe driving current tiburougli the OELD can be more clearly 
seen in figure 10, which shows a magnified version of the response plots shown in figure 9. 
It can be seen from figure 10 that, using a value of O volts as a base for the tbireshold 

• vollage AVt, that if .die threshold voltage AV^ dbiang^ to -1 volts there is a dtisinge of 
approximately 1.2% in the drive current through die OELD and if the threshold voltage AV^ 
is changed to + Ivolt. there is a reduction in drive currrat of sypproximately 1,7% con^iared 
to the drive current when the threshold voltage AV^ is 0 volts. The variation of drive 
current of 8.7% is shown for reference purposes only as such a variation can be 
conqiensated by ganuna correction, which is well loaown in this art and will not Uierefore be 
desdibed in relation to the present invention. 

Figure 11 shows that for levels of ranging from 0,2jiA to LOpA, the inq^roved 
control of die OELD drive current is maintained by die use of the p-channel and opposite n- 
channel transistors in accordance with the present invention. 

It will be appreciated from the above description that die use of a p-channel 
transistor and an opposite n-channel transistor to provide, in combination, analog control of 



WO01/75S53 PCT/OB01/014W0 

ttic drive cmceat tbrougji an elecdroluminescrat device provides improved coiqpeiisation for 
the effects whidli woiiid otl^rwise occur with variations in the ttireshold voltage of a single 
p-channel or n-channel transistor. 

•Preferably; the TFT n-<diannel and . p-chminei transistors are febricated as 
neighbouring or adjacent transistors during the fabrication of an OELD display so as to 
maxunise the probability of die conqilCTdentaty p-cbannel and n-channel transistors havhig 
die same value of tiureshold vohage AV^. The p-channel and n^hannel transistors may be 
ftuther matched by comparison of their output characteristics. 

The iuQiroved comp^ated pixel driver circuit of the present invention may be used 
in display devices incorpotated in many types of equipment sudi as mobile displays e.g. 
mobile phones, laptop personal conq)uters, DVD players, cameras, field equipment; 
portable di^Iays such as desktop conoqputers, CCTV or photo albums; of industiial displays 
such as control room equipment displays. 

The aforegoing description has been given by way of exanqile only and it will be 
s^preciated by a person sldUed in the art that modifications can be made without d^arting 
firom the scope of the present invention. 
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CLAIMS 

1. A. cba^ensated ' pixel dnya diciujt for an electrolummesceiit device, the cfacuit 
comprising an n-cfaamiel transistor aiid a complCTientaiy p-channel transistor connected so 
as to operativdy control, in combination, tfae current siq[>plied to the electroluminesc^ 
deyice*- 

2. A com^nsated pixel driver circuit as d^umed in claim 1, wherein tfae 
<»n^l^nentaty nrchannel and p-cdiannel transistors comprise polysilicon thin fifan 
transistors. 

3. A compensated pixel driver circuit as diainied in claim 2^ wheiein die 
complementary n-<diannel and p-diannel transistors are spatially arranged in dose proximity 
to each odier for providing a complementary pair of n-cfaannel and p-<±tannel transistors 
having approximately equal tlireshold voltages. 

4« . A compensated pixel driver circuit as claimed in any one of claims 1 to 3 connected 
so as to establish when optative a voltage driver circuit comprising respective storage 
capacitors for die n-channel and p-channel transistors and respective switching means 
connected so as to establish when operative respective pattis to the n-channel and p-channel 
transistors for req>ective data voltage pulses. 
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5. A compensated pixel driver Circuit as Claims 

respective storage capacitors for storing a respective operating voltage of die n^hannel and 
the p-channel transistors during a programming stage, a first switching means connected so 
as to establish' when operative a first current path ftom a source of current data signals 
through the nndiannel and p-cfaannel transistors and the electroluminescent device during the 
progranmiing stage^ aiKi a second switchmg means connected to establish wb&n operative a 
second current path through Ae n-channel and p-channel transistors and the 
electroluminescent device during a reproduction stage. 

6, A compensated pixel driver circuit as claimed in claim 5, wherein the first switching 
means and the source of current data signals arc connected so as to provide when operative 
a curr^t soured for the electroiuniinescent deyic^^ 

7. A compensated pixel driver circuit as claimed in claim 5. wherein the first switching 
means and the source of current data signals are connected so as to provide wh^ operative 
a current sink for the electroluminescent device. 

8, A compensated pixel driver circuit as clauned in any one of claims 5 to 7, fiulher 
conf>nsing respective further switching means respectively connected to bias the n-channel 
transistor and die p^channel transistor to act as diodes during the programming stage. 



9- A compensated pixel driv^ circuit as claimed in claim 8, wherein the respective 
further switching means coiiq>rise p-channd transistors. 
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10. A compensated pixel driver circait as claimed in any one of claims 5 to 9, wherein 
the drcuit is in^lemented with polysUicon ihin film transistors. 

11. ' A compensated pixel driver circuit 0s .claimed in claim 4, wherein the ciicuit is 
implemented using polysilicon diia film transistors. 

12. A m^fapd of : conqi^isating the siq>ply current to an dectrolununescent device 
conq)rising providing an n-chani^i transistor and a p-channel transistor connected so as to 
q[>^tively control, in combination, the supply currmt to die electrotuminesc^ device. 

13. A method as claimed in claim 11, comprising the furdier step of providing the n- 
.dbtannel transi^r and the p-diannel transistor as polysilicon thin film transistors. 

14. A method as claimed in claim 12 comprising die further stsp of spatially arranging 
the n-channdl and p-<;faamiel polysilicon tiun film transistors in close proximity to eadi 
other. 

. IS. A method as claimed in any one of claims 12 to 14 comprising providing respective 
storage capacitors for the Urcbiannel and p-channel transistors and respective switching 
means connected so as to establish when operative respective pattis to the n-channel and p* 
channel transistors for respective data voltage pulses thereby to establish, when operative, a 
voltage driva: circuit for the electroluminescaat device. 
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16. A mediod as claimed in aiay one of claims 12 to 14 comprising providing a 
programming stage during which the n-channel and p-cfaannel transistors are operated in a 
first mode and wherein a current path from a source of current data signals is established 
tliioagh the n-channel and the p-cfaannel transistors and the electrohuninesceat device and 
wherein a respective operating voltage of the n-channel transistor and the p-channel 
transistor is stored m respective storage capacitors, and a r^roduction stage wherein a 
second mode and a second current padi is established through the n-<^iannel transistor and 
die p-channel transistor and die electroluminescent device. 

17. A mediod as claimed in claim 15, wherein die first mode conq>rises operating the n- 
i^iannel and p-c^iannel transistors as diodes. 



18. An organic electrohuninescent display device comprising a conqiensated pixel driver 
circuit as claimed in any one of claims I to 1 1. 
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